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Abstract

Osmosis and diffusion are essential foundation concepts for first-year biology students as they are a key to
understanding much of the biology curriculum. However, mastering these concepts can be challenging due to their
interdisciplinary and abstract nature. Even at their simplest level, osmosis and diffusion require the learner to
imagine processes they cannot see. In addition, many students begin university with flawed beliefs about these
two concepts which will impede learning in related areas. The aim of this study was to explore misconceptions
around osmosis and diffusion held by first-year cell biology students at an Australian regional university. The 18-
item Osmosis and Diffusion Conceptual Assessment was completed by 767 students. From the results, four key
misconceptions were identified: approximately half of the participants believed dissolved substances will
eventually settle out of a solution; approximately one quarter thought that water will always reach equal levels;
one quarter believed that all things expand and contract with temperature; and nearly one third of students believed
molecules only move with the addition of external force. Greater attention to identifying and rectifying common
misconceptions when teaching first-year students will improve their conceptual understanding of these concepts
and benefit their learning in subsequent science subjects.

Introduction

There is a world-wide focus on science, technology, education and mathematics (STEM)
education with a drive towards increasing the number of university graduates who are skilled
in these areas (Blackley & Howell, 2015; Chubb, 2012). Many students view science as
difficult, boring or presented in an uninteresting way (Chubb, 2011). The proportion of
Australian high school students choosing to complete higher level STEM subjects such as
chemistry, biology, mathematics and physics has declined (Chubb, 2012; Kennedy, Lyons, &
Quinn, 2014). Despite numerous investigations into the way STEM education is facilitated, the
desired increase in student performance and sustained engagement has failed to occur (Johnson,
2012). In 2012 the Australian government increased funding to expand tertiary places for all
students who met basic entry requirements for higher education (King & James, 2013;
Marginson, Tytler, Freeman, & Roberts, 2013). This action resulted in higher numbers of
traditionally under-represented students entering the higher education arena (Collier & Morgan,
2008). There are more students with lower levels of academic preparedness and social and
cultural capital, and more students who are first in their family to attend university (Kift, 2015).
The change in student demographics, together with the reduced proportion of high school
students electing to study biology and chemistry, are likely to be reflected in the university
arena. More specifically, there will be a higher proportion of first-year students who have low
prior knowledge and ineffective learning strategies in key science disciplines and/or poor
student transition into the first year of university (Sturges & Maurier, 2013; Thalluri, 2016).
As studies in first-year biology are required in the majority of science and health programs,
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investigation of biology instruction to students with a wider range of backgrounds should be a
key focus for education reform.

Traditionally, students have found learning biology to be challenging mainly due to the vast
amount of knowledge available, the complexity of the concepts, and the interdisciplinary nature
of the subject (Cimer, 2012). Many of the key biological principles require students to imagine
the abstract, i.e. something they cannot see (Ferdig, Blank, Kratcoski, & Clements, 2015; Tibell
& Rundgren, 2010). Fundamental biological concepts, such as cell membrane structure and
function, are key to understanding a large quantity of the first-year biology curriculum. Failure
to master these and related concepts is likely to contribute to the attrition of first-year science
students. Diffusion and osmosis are key processes that occur in all cells, and form part of a
core physiological concept of flow down gradients (Michael, William, McFarland, Modell, &
Wright, 2017). Diffusion is the process whereby solute particles cross the cell membrane and
move into or out of cells. It defines the net movement of these molecules, such as nutrients and
waste products, from an area of high concentration to an area of low concentration. Osmosis is
a similar process, but differs in that it describes the movement of water molecules across the
cell membrane (Urry et al., 2018). Understanding these central concepts is vital to mastering a
wide range of biological functions (Fisher, Williams, & Lineback, 2011) including key
processes involving plant and animal cells, tissues, organs and organ systems.

Several factors have been investigated in an attempt to determine their importance in
supporting student success in first-year biology. Many studies have reported that students with
higher university entrance scores and/or prior learning in biology or chemistry perform better
on first-year biology assessments (Bone & Reid, 2011; Burke da Silva & Hunter, 2009; Graham,
Addy, Huddleston, & Stallard, 2011; Johnson & Lawson, 1998; McCoy & Pierce, 2004;
Rayner, 2014; Sadler & Tai, 2007). However, Bone and Reid (2011) also reported that prior
learning in biology was only of benefit if students also had prior learning in chemistry.
Anderson, Sheldon and Dubay (1990) did not find any association between prior science
learning and academic performance in first-year biology; however, their study only examined
student learning in photosynthesis and respiration and not overall subject achievement. In
contrast, Johnson and Lawson (1998) reported that reasoning ability and not prior biology
knowledge was one important factor in determining student success in a first-year biology
course.

It is well documented that many students commence biology subjects with pre-existing
misconceptions about biological concepts (Anderson et al., 1990; Lazarowitz & Lieb, 2006;
Sanger, Brecheisen, & Hynek, 2001). These misconceptions, also known as alternate
conceptions, or faulty mental models, refer to a student’s view of a scientific concept that is
different from that generally accepted by scientists (Bekkink, Rogier Donders, Kooloos, de
Wall, & Ruiter, 2016). To facilitate the identification of common misconceptions, teachers and
researchers have developed conceptual assessments in the form of diagnostic tests that not only
provide a way to measure student learning, but also investigate and diagnose misconceptions
held by specific student groups. These assessments have identified common erroneous views
and have explored students’ mental models of many scientific concepts related to, for example,
genetics (Bowling et al., 2008; Smith, Wood, & Knight, 2008), chemical bonding (Tan &
Treagust, 1999), photosynthesis and respiration (Haslam & Treagust, 1987). Fisher et al. (2011)
developed the Osmosis and Diffusion Conceptual Assessment (ODCA) by modifying an
existing conceptual assessment called the Diffusion and Osmosis Diagnostic Test (DODT,;
Odom, 1995; Odom & Barrow, 1995). Both of these assessments were developed to assess
students’ scientific understanding of the events that occur during osmosis and diffusion, as well
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as common misconceptions about these processes (Fisher et al., 2011; Odom, 1995; Odom &
Barrow, 1995).

Identifying and correcting common misconceptions to facilitate further learning is based on a
constructivist philosophy (Smith, diSessa, & Roschelle, 1993). Constructivist theories of
learning are grounded on the tenets that learning is an active process of knowledge construction
and that knowledge is built on prior understandings (Bada & Olusegun, 2015). Students
approach a learning situation with knowledge they bring from previous experience; this prior
knowledge influences their construction of new knowledge, and their new learning experiences
also modify their existing knowledge (Phillips, 1995). Therefore, if students have created
flawed conceptions prior to new instruction, then this will impede further cognitive
development. These faulty mental models will need to be corrected, or rebuilt, before new
correct knowledge can be assimilated (Badenhorst, Hartman, & Mamede, 2016). Correcting
misconceptions is important across many disciplines including biology, as concepts from
various fields are interrelated and build in complexity and associations.

Cell Biology is a large first-year, single semester course in science and health programs at the
University of the Sunshine Coast (USC), aregional university situated in Queensland, Australia.
It is a required component of 18 degree programs and can be chosen as an elective component
in other programs. Cell Biology explores the cellular basis of life in eukaryotic and prokaryotic
organisms, introduces the structure and function of the different types of cells, and introduces
scientific methods and skills that are specific to biology. At USC, Cell Biology is delivered in
a blended format. The face-to-face components consist of two hours of lectures (including
drawing and multimedia activities) per week and a two-hour tutorial/laboratory class in
alternate weeks. Complementary learning and assessment resources, such as instructional
videos, revision questions, quizzes, vodcasts and assessment submission portholes, are
accessed via the learning management system. An analysis of student examination performance
in recent years revealed that many did not perform well on examination questions related to
the concepts of osmosis, diffusion and concentration gradients. Furthermore, at the end of
semester, many still had a poor overall understanding of concepts involving the structure and
functions of the cell membrane.

The aim of this study was to gain an understanding of the misconceptions about osmosis and
diffusion held by biology students within the context of Australia’s changing tertiary education
arena. We examined the conceptual understanding of osmosis and diffusion using the ODCA
tool (Fisher et al., 2011) on a population of first-year cell biology students at the USC. Two
research questions were addressed:

1. What are the common misconceptions about the osmosis and diffusion concepts held by a
population of first-year biology students at a regional Australian university?

2. How do these results compare with other published ODCA results?

Methods

Students enrolled in the first-year course LFS100 Cell Biology during Semester 1 in 2016 and
2017 were invited to participate in this study. The Cell Biology subject services both science-

focused and non-science-focused programs (Table 1), yet there is no requirement for the
completion of high school science subjects to gain entry into these programs.
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This research project was approved by the Human Research Ethics Committee at USC
(Approval Number A16806). In week five (2016) or six (2017) of the semester, and after
lectures on osmosis and diffusion had been presented, student volunteers were recruited. Of
the 965 students enrolled in the course, 767 agreed to participate in the study by completing a
modified version of the ODCA (Fisher et al., 2011).

The ODCA consists of two-tiered, multiple choice question pairs (sets). The first tier is the
‘what?’ component that requires students to think about a specific situation and to either
identify a key component/process or to make a prediction. These questions are typically lower
level (Shimizu, 2015), requiring a superficial level of understanding. The second tier questions
follow from the first tier and require a deeper conceptual understanding. These questions ask
why or in what circumstances the prediction will occur (Shimizu, 2015). The incorrect options
in the tier two questions represent common misconceptions with regard to the concept (Fisher
et al., 2011). This conceptual assessment tool was validated on 408 American university
students (Fisher etal., 2011). Two of the original ODCA questions were modified to be relevant
to the regional Australian context. This included the removal of references to Imperial units
(gallons) and changes to use the Australian English spelling of words such as ‘color’ to ‘colour’.
Students were allowed 25 minutes to complete a paper version of the ODCA under examination
conditions.

The percentage of students selecting each option for each individual question were calculated
and, for each question pair, the percentage of students selecting the correct answer (tier one)
for the correct reason (tier two) was also calculated. Demographic data was collated from
course enrolment data and Chi-squared tests of association were used to compare cohort
characteristics from 2016 and 2017. All analysis was performed in IBM SPSS, version 25.

Results

Students enrolled in Cell Biology reflected the demographic characteristics of the university in
general: approximately two thirds were female and one third were male. Approximately one
third of the students were classed as mature age (over 20 years) and there were only a small
proportion of international students (less than 5%). Nearly half of the students were the first in
their family to attend university. The programs identified as science-focused accounted for 59%
of the enrolments (Table 1). Overall 80% of enrolled students participated in the study with no
significant difference in participation between science and non-science focused programs.

Table 1. Demographic characteristics of Cell Biology students at USC by year.

2016 2017
n (%) n (%)
Gender
Female 316 (65.3) 303 (63.0)
Male 168 (34.7) 178 (37.0)
Age Group
<=20 318 (65.7) 290 (60.3)
> 20 166 (34.3) 191 (39.7)
Citizenship
Domestic 460 (95.0) 462 (96.0)
International 24 (5.0) 19 (4.0)
Program
Bachelor of Biomedical Science* 99 (20.5) 121 (25.2)
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Bachelor of Science* 78 (16.1) 52 (10.8)
Bachelor of Animal Ecology 57 (11.8) 83 (17.3)
Bachelor of Nutrition 56 (11.6) 59 (12.3)
Bachelor of Clinical Exercise Science* 55 (11.4) 48 (10.0)
Bachelor of Nutrition & Dietetics* 43 (8.9) 39 (8.1)
Bachelor of Education (Secondary)/Science 25 (5.2) 12 (2.5)
Associate Degree in Medical Laboratory Science* 19 (3.9) 14 (2.9)
Other 51 (10.6) 53 (11.0)
Enrolment Type
New 339 338
Continuing 145 143
First in Family
Yes 221 (45.7) 232 (48.2)
No 263 (54.3) 249 (51.8)
Total Enrolments 484 481
Participants 364 (75.4) 403 (83.8)

“identified as science-focused programs

There was no significant difference in the overall ODCA results/score between the students in
science and non-science focused programs (t = 0.826, p < 0.41), or between the 2016 (11.7/18)
and 2017 cohorts (11.3/18), t = 1.6, p < 0.12. Results from both years showed a similar pattern
of correct and incorrect answers (Figure 1).
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Figure 1: The percentage of students answering each question correctly in 2016 and 2017.

Questions in the conceptual assessment were divided into three categories based on topic:
semipermeable membranes; molecular movement; and water as a solvent.

Semipermeable membranes (question sets 1/2, 7/8, 11/12 and 13/14)

Questions 1 and 2 had the highest number of correct responses of all question sets. More than
70% of participants correctly answered both questions 1 and 2, identifying and defining
semipermeable membranes (Table 2A). However, students scored much lower on the questions
that applied this concept. Question 7 asked about the movement of molecules across a
semipermeable membrane. Only 47% of students were able to correctly identify which of the
water levels would be higher after a period of time, and only 30% of these were also able to
identify the correct answer for the correct reason. Two distractors were selected by about 25%
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of students; the first ‘water will move from high to low solute concentration’ and the second
distractor represents the misconception that water has to be level on both sides of the membrane.
Question 11 asked about the movement of water and dye molecules through a semipermeable
membrane. About 54% of students were able to correctly identify the outcome ‘the level of the
liquids on both sides will remain the same’, but only 36% of students selected the correct
response for the correct reason, that is ‘water and dye can both pass through the membrane’.
Distractors about the rate of diffusion of different molecules and the volume of dye molecules
were also popular choices. Question set 13/14 asked about osmosis and animal cells, and
correct answers required knowledge of both the movement of molecules and semipermeable
membranes. Only 54% of students correctly identified that red blood cells will swell and burst
when placed in water (question 13) due to water moving to where there was a lower water
concentration (question 14). The most popular distractor was the explanation: ‘water molecules
move from higher concentration of dissolved particles to lower concentration of dissolved
particles’. Almost one quarter of students incorrectly selected that the size of the molecules is
affected by temperature.

Table 2A. Questions and responses about semi-permeable membranes on the ODCA”
completed by Cell Biology students (combined 2016 and 2017).

Combined | Correct for
% correct
reason
%

1. All cell membranes are

a. semipermeable. 85.1

b. permeable. 14.7
2. The reason for my answer is because cell membranes

a. allow free movement of materials into or out of the cell. 45

b. allow some substances to enter the cell, while they prevent 7.9

all substances from leaving.

c. allow only beneficial materials to enter the cell. 7.2

d. allow some substances to pass through, but not others. 80.4

71.4

7. In Figure 1, two columns of water are separated by a
semipermeable membrane through which only water
molecules can pass. Side 1 contains brown dye and water;
Side 2 contains pure water. After two hours, the water level
in Side 1 will be ...

a. higher than in Side 2. 47.3

b. lower than in Side 2. 27.1

c. the same height as in Side 2. 25.6
8. The reason for my answer is because

a. water will move from high to low solute concentration. 24.7

b. water flows freely and maintains equal levels on both sides. 23.1

c. the concentration of water molecules is less on Side 1. 394

d. water moves from low to high water concentration. 12.8

30.5
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11. A water-based solution is placed on the left side of a
container that is divided by a semipermeable membrane
(Figure 3). Pure water is on the right. As time passes, the
right side gradually becomes blue, while the blue colour on
the left side becomes lighter. This suggests that

a. the level of the liquids on both sides will remain the same. 54.1
b. the level of the liquid will decrease on Side 1 and increase 34.8
on Side 2.
c. the level of the liquid will increase on Side 1 and decrease 11.0
on Side 2.
12. The reason for my answers is that
a. water and dye can both pass through the membrane. 44.0
b. the dye can pass through the membrane but moves more 26.9
slowly than water.
c. the dye moves into Side 2 and raises the level of the liquid. 21.6
d. atmospheric pressure will always produce equal water 7.5
levels.
36.1
13. When a living human blood cell is placed in pure fresh
water, the cell will
a. shrivel up. 12.0
b. swell and burst. 76.2
c. remain the same. 11.7
14. The reason for my answer is because
a. water molecules move from higher concentration of 19.0
dissolved particles to lower concentration of dissolved
particles.
b. a cell has homeostasis and will maintain itself. 10.9
c. the cell loses stability outside the human body. 12.0
d. water molecules move from higher concentration of water to 58.1
lower concentration of water.
53.9

*ODCA modified from Fisher et al., (2011); images are not reproduced here

Movement of molecules (question sets 3/4, 5/6, 9/10, 15/16)

Most students (86%) were able to identify that during diffusion, particles will generally move
from high concentration to low concentrations (question 3; Table 2B). However, only around
35% of students were able to pick the correct reason for the direction of particle movement,
that is, ‘the random motion of particles suspended in a fluid results in their uniform distribution’.
Two distractors were selected by about 30% of students, one anthropomorphising the particles
and the other representing the misconception that molecules will move for a reason and will
then stop. Question set 5/6 required students to identify that salt molecules will become evenly
distributed within a solution due to the process of diffusion. Approximately half of the students
correctly identified that an even distribution of the molecules will result, and about 62%
identified that particles will move from an area of high to an area of low concentration (i.e. the
definition of diffusion). Over 90% of students correctly identified that at a higher temperature,
diffusion will occur more rapidly (question 9), however only 60% students selected the correct
reason ‘that the dye molecules move faster’ (question 10).
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Table 2B. Questions and responses about the movement of molecules on the ODCA"
completed by Cell Biology students (combined 2016 and 2017).

Combined | Correct for
% correct
reason
%
3. During the process of diffusion, particles will generally
move from
a. high to low concentration. 85.5
b. low to high concentration. 14.1
4. The reason for my answer is because
a. crowded particles want to move to an area with more room. 30.0
b. the random motion of particles suspended in a fluid results 35.2
in their uniform distribution.
c. the particles tend to keep moving until they are uniformly 30.9
distributed and then they stop moving.
d. there is a greater chance of the particles repelling each other. 3.9
30.7
5. If a small amount of salt (1 tsp) is added to a large
container of water (4 litres) and allowed to set for several
days without stirring, the salt molecules will
a. be more concentrated on the bottom of the water. 47.3
b. be evenly distributed throughout the container. 52.5
6. The reason for my answer is because
a. salt is heavier than water and will sink. 15.8
b. salt dissolves poorly or not at all in water. 9.3
c. there will be more time for settling. 12.8
d. there is movement of particles from a high to low 62.1
concentration.
48.8
9. Suppose there are two large beakers with equal amounts of
clear water at two different temperatures (see Figure 2).
Next, a drop of green dye is added to each beaker of water.
Eventually the water turns light green. In which beaker does
the water become evenly coloured light green first?
a. Beaker 1 9.0
b. Beaker 2 90.6
10. The reason for my answer is because
a. the dye breaks down more quickly. 13.0
b. moving slower makes it easier for the molecules to move. 2.9
c. the dye molecules move faster. 59.7
d. temperature changes the size of the molecules. 24.4
56.1
15. Suppose you add a drop of blue dye to a container of
clear water and after several hours the fluid is evenly
coloured light blue. At this time, the molecules of dye
a. have stopped moving. 8.9
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b. continue to move around randomly. 90.7
16. The reason for my answer is because

a. molecules move until they are evenly distributed, and then 7.6

they stop.

b. if the dye molecules stopped, they would settle to the bottom 12.6

of the container.

¢. when molecules are evenly distributed, they still continue to 62.8

move.

d. this is a liquid system. If it were a solid the molecules 17.1

would stop moving.

59.1

*ODCA modified from Fisher et al., (2011); images are not reproduced here

Water as a solvent (question set 17/18)

Questions 17 asked about two solutions containing different concentrations of salt.
Approximately 58% of students correctly selected that more water would be in the beaker that
contained fewer dissolved particles (lower salt concentration; Table 2C). However, 17% of
students disregarded the contribution that the dye particles made to the volume of the solution
by selecting ‘the liquids are the same heights in both beakers’.

Table 2C. Questions and responses about water as a solvent on the ODCA” completed
by Cell Biology students (combined 2016 and 2017).

Combined | Correct for
% correct
reason
%
17. Figure 4 depicts a case where two water solutions have
just been introduced into two identical beakers. The volume
of the solution in each beaker is the same. At this point,
Beaker 1 contains
a. more water than Beaker 2. 67.4
b. less water than Beaker 2. 15.1
c. the same amount of water as Beaker 2. 17.2
18. The reason for my answer is because
a. the liquids are the same heights in both beakers. 17.1
b. water in Beaker 1 contains more dissolved particles. 7.7
c. water in Beaker 1 contains fewer dissolved particles. 74.7
57.9

*ODCA modified from Fisher et al., (2011); images are not reproduced here

Discussion

First-year Cell Biology students at a regional university in Australia completed the ODCA, a
conceptual assessment on osmosis and diffusion. The results of this assessment were consistent

across two consecutive years, across 8 key programs, and identified several areas of inadequate
knowledge and misconceptions.
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Diagnostic tests, such as the ODCA, have successfully been used by both educators and
researchers to identify areas of poor student knowledge, to highlight topics where students are
mis-informed, and to evaluate the effects of external factors on student knowledge and mis-
knowledge. Cell Biology students in the present study achieved an overall mean score of
11.5/18 (SD = 3.3) on the ODCA, which represents the overall student conceptual
understanding of osmosis and diffusion (Griffard & Wandersee, 2001). Although the overall
score from students in previous research was not available, the score in the current study was
considerably lower than the 16.5/18 achieved by high school teachers and college instructors
(Fisher et al., 2011). The Cell Biology students generally performed better on the tier one
questions (what?) compared to the tier two questions (why?), consistent with previous ODCA
results of university students (Fisher et al., 2011) and with other two-tiered conceptual
assessments (Kilic & Saglam, 2009; Othman, Treagust, & Chandrasegaran, 2008). This result
was also consistent with studies of university and high school students using the similarly
structured DODT conceptual assessment (Odom & Barrow, 1995; Sun, Looi, & Xie, 2017).
Fisher et al. (2011) proposed that students perform better on the tier one questions because they
can predict the outcome of these questions but do not understand the processes involved or the
underlying mechanisms that are assessed in the tier two questions. Alternatively, this pattern
of correct-incorrect responses could be partly explained by there being fewer distractor options
in the tier one questions.

In the present study, of the nine pairs of questions, those that involved predicting the movement
of water and/or dye molecules across a semipermeable membrane (question sets 7/8, 11/12,
13/14) had among the lowest combined number of correct responses. However, correct
responses to question set 1/2, which required students to know the definition of semipermeable
membranes and the fact that cell membranes are semipermeable, received the highest number
of correct responses. These results suggest that students know or are familiar with the definition
of semipermeability but cannot then apply this information to other situations. In explaining
why molecules move from an area of high concentration to an area of low concentration during
the process of diffusion, almost one third of the students in the present study erroneously chose
the option ‘crowded particles want to move to an area with more room’. Several previous
studies have also reported students using similar anthropomorphic constructs to describe
biological processes, for example, believing that molecules move or behave in a certain way
because they ‘want to’ (Fisher et al., 2011; Friedler, Amir, & Tamir, 1987; Odom, 1995; Odom
& Barrow, 1995; Sanger et al., 2001; Shen, Liu, & Sung, 2014; Tekkaya, 2003; Zuckerman,
1994).

Misconceptions about the concepts of osmosis and/or diffusion that are held by both high
school and university biology students have been identified by numerous researchers and
teachers (Artun & Costu, 2013; Marek, Cowan, & Cavallo, 1994; Odom, 1995; Odom &
Barrow, 1993; Odom & Barrow, 1995; Odom & Barrow, 2007; Westbrook & Marek, 1991;
Zuckerman, 1994). Results from the present study identified four misconceptions in student
understanding of osmosis and diffusion.

Misconception 1. Water will level out (question sets 7/8 and 17/18)

Approximately one quarter of students responded that the water levels should be equal in
question 7 and that ‘water flows freely and maintains equal levels’, suggesting a
misunderstanding of the general properties of water and of its movement through
semipermeable membranes. Water levelling out at the macro scale makes intuitive sense based
on life experience with water filling containers and becoming ‘level’. It is clear from these
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responses that a deeper understanding of the chemical and physical nature of water at the
molecular scale, and of the pressures and forces that determine its movement across
semipermeable membranes, are required to correctly answer the second part of this question
set. It is possible that greater hands-on exposure to non-intuitive behaviour of liquids in the
macro world, like wicking and siphoning, would expand the students’ reasoning beyond this
basic intuition.

Misconception 2. Dissolved substances will eventually settle out (question set 5/6)

Nearly half of all students indicated that salt would settle out of solution if left for several days,
with a variety of explanations chosen. It is possible that without having studied the content,
students are relying on their intuition to infer that any dissolved particles will settle out of water
with time. It is also possible that students who selected the incorrect answers to this question
set may be confusing a suspension with a solution; assuming salt will behave like sand in water
if there is no stirring or agitation. Nearly 10% of the students appear to have very little exposure
to basic kitchen science experiments, believing that ‘salt dissolves poorly in water’. Odom and
Barrow (1995) presented a similar question to first year university biology students, with ‘salt’
in the ODCA question replaced by ‘sugar’. Many students chose the incorrect option ‘sugar is
heavier than water and will sink’. Odom and Barrow (1995) suggested the reason for this
selection was that students were integrating gravity concepts into solution chemistry.

Misconception 3. Not understanding Brownian motion; believing molecules/ions
eventually settle out of solution (question sets 3/4 and 15/16)

Question sets 3/4 and 15/16 ask about the process of diffusion, with both offering the incorrect
option that molecules/particles will stop moving once they are evenly distributed. Question set
3/4 is about the direction of particle movement during diffusion (high concentration to low
concentration) and approximately 30% of students selected the incorrect response that ‘the
particles tend to keep moving until they are uniformly distributed and then they stop moving’.
Fisher et al. (2011) concluded that many students believe that molecules only move around if
there is a reason to do so, that is, if there is a concentration gradient that needs to be changed
or fixed. Question set 15/16 is about the diffusion of dye molecules in water, and only 7.6% of
students incorrectly answered that the molecules would stop moving when evenly distributed.
Approximately 91% of students selected the correct response, that once the fluid becomes
evenly coloured the molecules of dye ‘will continue to move around randomly’ and 59% of
students were able to identify the correct response for the correct reason.

Misconception 4. All things expand and contract with temperature (question set 9/10)
Question 10 describes two beakers of water at different temperatures to which a drop of dye is
added. Approximately 90% of students selected the correct option that the beaker with the
higher temperature water will become evenly coloured more quickly than the cooler beaker.
However, when explaining why this occurs, almost one quarter of students incorrectly selected
‘temperature changes the size of the molecules’. The idea that solids, liquids and gases expand
with increasing temperature and contract with decreasing temperature applies to most
substances. However, these laws are not relevant to the size of the particles that are being heated
or cooled (Brown, Lemay, Bursten, & Murphy, 2009). It seems that many students do not
understand that heat increases the kinetic energy of molecules and how this relates to
movement and expansion. Instead, many students relate an increase in heat to an increase in
the size of atoms and molecules.
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Of the numerous misconceptions about osmosis and diffusion that have been documented,
many can be grouped into problems understanding: energy (Brownian motion, Kinetic energy
and temperature); concentrations and concentration gradients; and properties of the cell
membrane (semipermeability). There is considerable overlap between previously reported
misconceptions and those identified in the present study, which suggests that the common ways
in which osmosis and diffusion are taught and/or learned may be a factor in the development
of these misconceptions. Kramer and Myers (2012) suggested that the use of analogies and
non-scientific language by teachers to explain these concepts may be partly to blame for their
popularity. Badenhorst et al. (2016) proposed that misconceptions can arise as the result of
students relying on rote learning rather than by utilising strategies that promote deep learning.
The misconceptions identified in the present study indicate that Cell Biology students have a
superficial and often inaccurate knowledge of osmosis and diffusion. Another possibility is
that students were familiar with the words/word combinations used but had no real
understanding of the concepts. In other words, students may have selected answers based on
word familiarity (see below) rather than based on content knowledge. Several researchers have
suggested that misconceptions may arise due to the use of overcomplicated or oversimplified
images in attempts to assist students to understand abstract concepts (Schénborn & Anderson,
2006; Schonborn, Anderson, & Grayson, 2002; Wheeler & Hill, 1990). Numerous studies have
reported that many students do not have the visual-spatial skills necessary to visualise complex
microscopic structures and molecular interactions, and it is therefore difficult for them to
achieve a conceptual understanding based on abstract teaching (Cottam, 1999; Dev et al., 2002;
Garg, Norman, & Sperotable, 2001; Miller, 2000; Silén, Wirell, Kvist, Nylander, & Smedby,
2008). Regardless of the source, it is essential that misconceptions and lack of understanding
be corrected to facilitate the learning of basic concepts in biological sciences and how they are
applied to more complex ideas.

Gooding and Metz (2011) described misconceptions as being resistant to rectification. In order
to remediate, misconceptions must be identified and learners must be willing/encouraged to
confront the discrepancy in their beliefs (Yong & Ch'ng, 2017). This process can be facilitated
by the provision of activities and learning aids that are learner-centred (Bonk & Cunningham,
1998). Attempts to assist students to master the concepts of osmosis and diffusion are greatly
varied. One approach employed by Tekkaya (2003) used conceptual change instructional
strategies to alert students to the misconceptions they hold and then to inform students of the
scientific explanations that disprove their beliefs. Haddad and Baldo (2010) described a coin
tossing exercise designed to assist students to understand the random processes that are central
to the process of diffusion. Several studies have reported the use of multimedia simulations to
assist students to master concepts, prevent the development of misconceptions, or correct
existing misconceptions. For example, animations have been created to simulate: cell division
(Elangovan, 2017), photosynthesis (Mikropoulos, Katsikis, Nikolou, & Tsakalis, 2003),
diffusion and osmaosis (Meir, Perry, Stal, Maruca, & Klopfer, 2005; Sanger et al., 2001; Sung,
Shen, Jiang, & Chen, 2017), and protein interactions and dynamics in ligand-receptor
complexes (Jenkinson, McGill, & Liu, 2012). These studies have had mixed success. For
example, Meir et al. (2005) introduced inquiry-based simulated laboratory experiments about
osmosis and diffusion in addition to providing lectures and wet laboratory experiments. These
researchers concluded that this combination dispelled some, but not all of the misconceptions
held by the students.

The conceptual assessment used in the present study, the ODCA, was chosen as it had been
validated, refined over several iterations, and then tested with a large number of post-high
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school students (Fisher et al., 2011). However, in addition to what was described earlier in
Misconception 3, there are two areas in which the structure of a question or possible response
options may have influenced students’ choice of answers. Firstly, there are several answers
within the assessment that describe a ‘high’ to ‘low’ change (answers 3a, 6d, 8a, 14a and 14d).
When these options were distractors (answers 8a, 14a), they were the most frequently chosen.
It is possible that students selected these responses based on superficial word matching rather
than on careful thought about the question, the correctness of each answer option, and a choice
based on knowledge and a degree of certainty that the answer is correct. Odom and Barrow
(1995) postulated that students chose an item response in the DODT due to word recognition,
recognising the key prefix ‘iso’. Secondly, students performed poorly on questions 11 and 12,
with only 36.1% of students correctly answering both questions. Similarly, students in the study
by Fisher et al. (2011) performed poorly on this question set (34.1% biology non-majors and
44.6% biology majors). It is possible that this question is confusing and/or misleading, because
in the context of the question (question 11), the membrane is identified as being semipermeable;
however, it is permeable to both the dye and water molecules discussed in the question. The
poor performance of students in both studies on this question set may have more to do with the
wording of the questions, rather than being an indication of students’ poor conceptual
understanding.

To understand the concepts of osmosis and diffusion, knowledge of kinetic energy, Brownian
motion, concentrations and concentration gradients as well as properties of the cell membrane
(semipermeability) are essential. A detailed survey of the students’ science background was
not in the scope of our study. However, it is recommended that future studies investigate the
students’ prior learning in chemistry to explore relationships between knowledge of the above
topics and the frequency/type of misconceptions about osmosis and diffusion. A diagnostic
assessment in multiple choice format was chosen to facilitate the large sample size of the Cell
Biology cohort. Future investigations could explore these misconceptions using short answer
questions or interviews to gain a more detailed understanding of student misconceptions and
the origins of these beliefs. This information will facilitate the development of questionnaires
that are more easily understood, and assist instructors in providing ways for students to confront
and rectify their incorrect understanding of osmosis and diffusion.

Conclusions

This study describes osmosis and diffusion misconceptions held by first year biology students
at a regional Australian university. Student knowledge of osmosis and diffusion, as evaluated
by the ODCA, was found to be similar to that of biology students at a Californian university in
a study by Fisher et al. (2011). Common misconceptions held by the Australian cohorts
included: a belief that dissolved substances will eventually settle out of solutions; that water
will reach equal levels; that molecules change size with temperature changes; and that
molecules will stop moving once evenly distributed. These misconceptions must be identified
early in the first year course and be addressed with more detailed visualisations of cell
processes. Frequent re-testing should be conducted to establish whether or not student
understanding was achieved. It would also be of interest to discover if these basic
misconceptions persist as students move into more advanced science courses.
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